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(57) ABSTRACT 

A transmission Wave is applied to a predetermined angular 
range in a Width-Wise direction of a vehicle. A position of 
each object and a relative speed of the object are detected on 
the basis of the re?ected Wave. A determination is made as 
to Whether each object is moving or stationary on the basis 
of the detected relative speed of the object and a speed of the 
vehicle. For at least one of right-hand and left-hand sides of 
the vehicle, calculation is given of a vehicle Width-Wise 
direction position Where each stationary object effective for 
road shape recognition passes through the related side of the 
vehicle. The calculated vehicle Width-Wise direction posi 
tion is memorized. A line connecting the memorized vehicle 
Width-Wise direction position and the detected position of 
the currently handled object corresponding to the effective 
stationary object is recognized as a road edge. 
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METHOD AND APPARATUS FOR 
RECOGNIZING SHAPE OF ROAD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a method of recognizing the 
shape of a road Which can be used by, for example, a system 
provided on a vehicle. In addition, this invention relates to 
an apparatus for recognizing the shape of a road Which can 
be used by, for example, a system provided on a vehicle. 
Furthermore, this invention relates to a recording medium 
Which stores a computer program for recogniZing the shape 
of a road. 

2. Description of the Related Art 
AknoWn obstacle detecting apparatus for a vehicle emits 

a forWard Wave beam such as a light beam or a millimeter 

Wave beam from the body of the vehicle, and controls the 
forWard Wave beam to periodically scan a given angular 
region in front of the body of the vehicle. In the case Where 
an obstacle exists in the given angular region, the forWard 
Wave beam encounters the obstacle before being at least 
partially re?ected thereby. A portion of the re?ected Wave 
beam returns to the apparatus as an echo Wave beam. The 
apparatus detects the obstacle in response to the echo Wave 
beam. 

The knoWn obstacle detecting apparatus is used in a 
Warning system for a vehicle Which alarms When an obstacle 
such as a preceding vehicle exists in a given angular region 
in front of the present vehicle. The knoWn obstacle detecting 
apparatus is used also in a system for a vehicle Which 
controls the speed of the vehicle to maintain a proper 
distance betWeen the vehicle and a preceding vehicle. 

The knoWn obstacle detecting apparatus additionally has 
the function of determining Whether or not the detected 
obstacle is a preceding vehicle. In general, this determina 
tion is responsive to the output signals from a steering angle 
sensor and a yaW rate sensor. In the case Where the present 
vehicle is traveling along a straight portion of a road While 
a preceding vehicle is traveling along a curved road portion 
extending ahead of the straight road portion, the knoWn 
obstacle detecting apparatus has a chance of erroneously 
determining the preceding vehicle. 

In vieW of such a problem in the knoWn obstacle detecting 
apparatus, it is proposed to recogniZe the shape of a road 
from objects on the sides of the road such as delineators. 
When there is a plurality of sensed delineators, a road edge 
or edges can be detected from the sensed delineators. On the 
other hand, When there is only one sensed delineator, a road 
edge can not be detected. 

Japanese patent application publication number 8-2495 98 
discloses an apparatus for sensing delineators and recogniZ 
ing a road shape from information about the sensed delin 
eators. According to Japanese application 8-249598, in the 
case Where only one sensed delineator exists, a road shape 
is recogniZed from the trajectory or locus of the delineator 
Which re?ects relative motion betWeen the present vehicle 
and the delineator. When the present vehicle is traveling 
along a curved road With a constant radius of curvature, it is 
possible to accurately recogniZe the road shape from the 
trajectory of the delineator. The accurate recognition of the 
road shape provides accurate detection of a preceding 
vehicle. On the other hand, When the present vehicle is 
traveling along a curved road With a varying radius of 
curvature, the shape of a road portion extending ahead of the 
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2 
sensed delineator can not be accurately recogniZed from the 
delineator trajectory. 
Japanese patent application publication number 

10-239436 discloses an apparatus for detecting the vehicle 
to-vehicle distance. The apparatus in Japanese application 
10-239436 emits a forWard laser beam, and controls the 
forWard laser beam to periodically scan a given angular 
region in front of the body of the present vehicle. The 
apparatus in Japanese application 10-239436 detects objects 
in the given angular range from return laser beams coming 
therefrom. Speci?cally, the apparatus detects the distances to 
the objects and the directions (the angular positions) of the 
objects relative to the present vehicle. The detected objects 
include re?ectors on the right-hand and left-hand sides of a 
road. In the apparatus of Japanese application 10-239436, 
the shape of the road is recogniZed from the loci 
(trajectories) of detected re?ectors on the road sides. The 
apparatus of Japanese application 10-239436 has a problem 
similar to that in the apparatus of Japanese application 
8-249598. 

SUMMARY OF THE INVENTION 

It is a ?rst object of this invention to provide a method of 
accurately recogniZing the shape of a road even When only 
one sensed delineator exists. 

It is a second object of this invention to provide an 
apparatus for accurately recogniZing the shape of a road 
even When only one sensed delineator exists. 

It is a third object of this invention to provide a recording 
medium Which stores a computer program for accurately 
recogniZing the shape of a road even When only one sensed 
delineator exists. 
A ?rst aspect of this invention provides a method of 

applying a transmission Wave to a predetermined angular 
range in a Width-Wise direction of a vehicle, and recogniZing 
a shape of a road extending ahead of the vehicle on the basis 
of a re?ected Wave Which results from re?ection of the 
transmission Wave. The method comprises the steps of 
detecting a position of each object and a relative speed of the 
object on the basis of the re?ected Wave; determining 
Whether each object is moving or stationary on the basis of 
the detected relative speed of the object and a speed of the 
vehicle; for at least one of right-hand and left-hand sides of 
the vehicle, calculating and memoriZing a vehicle Width 
Wise direction position Where each stationary object effec 
tive for road shape recognition passes through the related 
side of the vehicle on the basis of the detected position of the 
object and a result of determining Whether the object is 
moving or stationary; and recogniZing a line connecting the 
memoriZed vehicle Width-Wise direction position and the 
detected position of the currently handled object correspond 
ing to the effective stationary object as a road edge. 
A second aspect of this invention is based on the ?rst 

aspect thereof, and provides a method further comprising the 
steps of calculating and memoriZing an average vehicle 
Width-Wise direction position among the calculated vehicle 
Width-Wise direction positions; and using the average 
vehicle Width-Wise direction position in the road edge rec 
ognition. 
A third aspect of this invention provides an apparatus for 

recogniZing a road shape. The apparatus comprises radar 
means for applying a transmission Wave to a predetermined 
angular range in a Width-Wise direction of a vehicle, and 
detecting a position of each object on the basis of a re?ected 
Wave Which results from re?ection of the transmission Wave; 
and recogniZing means for recogniZing a shape of a road 
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extending ahead of the vehicle on the basis of a result of 
detection by the radar means. The recognizing means com 
prises 1) object recognizing means for detecting a position 
of each object and a relative speed of the object on the basis 
of the result of detection by the radar means, and for 
determining Whether the object is moving or stationary on 
the basis of the detected relative speed of the object and a 
speed of the vehicle; 2) position calculating and memoriZing 
means for, regarding at least one of right-hand and left-hand 
sides of the vehicle, calculating and memoriZing a vehicle 
Width-Wise direction position Where each stationary object 
effective for road shape recognition passes through the 
related side of the vehicle on the basis of a result of function 
by the object recogniZing means; 3) correspondence deter 
mining means for determining Whether or not an object 
currently handled by the object recogniZing means corre 
sponds to the vehicle Width-Wise direction position memo 
riZed by the position calculating and memoriZing means; and 
4) road edge recogniZing means for, in cases Where the 
correspondence determining means determines that the 
object currently handled by the object recogniZing means 
corresponds to the vehicle Width-Wise direction position, 
recogniZing a line connecting the vehicle Width-Wise direc 
tion position and the detected position of the object currently 
handled by the object recogniZing means as a road edge. 
A fourth aspect of this invention is based on the third 

aspect thereof, and provides an apparatus Wherein the posi 
tion calculating and memoriZing means comprises means for 
calculating and memoriZing an average among vehicle 
Width-Wise direction positions for effective stationary 
objects, Wherein the correspondence determining means 
comprises means for using the average as the vehicle 
Width-Wise direction position, and Wherein the road edge 
recogniZing means comprises means for using the average as 
the vehicle Width-Wise direction position. 
A?fth aspect of this invention is based on the third aspect 

thereof, and provides an apparatus Wherein the position 
calculating and memoriZing means comprises means for 
calculating and memoriZing a vehicle Width-Wise direction 
position or an average position for the right-hand side of the 
vehicle, and means for calculating and memoriZing a vehicle 
Width-Wise direction position or an average position for the 
left-hand side of the vehicle, Wherein the correspondence 
determining means comprises means for determining 
Whether or not a currently handled object corresponds to the 
vehicle Width-Wise direction position or the average position 
for the right-hand side of the vehicle, and means for deter 
mining Whether or not a currently-handled object corre 
sponds to the vehicle Width-Wise direction position or the 
average position for the left-hand side of the vehicle, and 
Wherein the road edge recogniZing means comprises means 
for recogniZing right-hand and left-hand road edges on the 
basis of the vehicle Width-Wise direction positions or the 
average positions for the right-hand and left-hand sides of 
the vehicle and a result of function by the correspondence 
determining means. 

Asixth aspect of this invention is based on the third aspect 
thereof, and provides an apparatus Wherein the road edge 
recogniZing means comprises means for, in cases Where 
there are a plurality of objects determined to correspond to 
the vehicle Width-Wise direction position, implementing 
interpolation With respect to regions betWeen the objects to 
form lines connecting the objects and recogniZing the lines 
connecting the objects and a line connecting the vehicle 
Width-Wise direction position and the detected position of 
nearest one of the objects as a road edge. 

A seventh aspect of this invention is based on the third 
aspect thereof, and provides an apparatus Wherein the posi 
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4 
tion calculating and memoriZing means comprises means for 
calculating a circle Whose tangent vector is equal to a 
relative speed vector of the effective stationary object, and 
Whose center is on a vehicle Width-Wise direction, and 
means for using a point of intersection betWeen the circle 
and the vehicle Width-Wise direction as the vehicle Width 
Wise direction position. 
An eighth aspect of this invention is based on the fourth 

aspect thereof, and provides an apparatus Wherein the posi 
tion calculating and memoriZing means comprises means for 
calculating a ?rst average among vehicle Width-Wise direc 
tion positions through a simple mean process, means for 
disregarding each vehicle Width-Wise direction position 
Which differs from the ?rst average by at least a predeter 
mined value, means for, in cases Where the number of the 
vehicle Width-Wise direction positions except the disre 
garded positions is equal to or greater than a predetermined 
number, calculating a second average among the vehicle 
Width-Wise direction positions except the disregarded posi 
tions and using the second average as the ?nal average, and 
means for, in cases Where the number of the vehicle Width 
Wise direction positions except the disregarded positions is 
smaller than the predetermined number, determining that the 
calculation of the ?nal average is impossible. 
A ninth aspect of this invention is based on the third 

aspect thereof, and provides an apparatus Wherein the cor 
respondence determining means comprises means for set 
ting an object as an object to be determined Which satis?es 
execution alloWance conditions such that the object is sta 
tionary and a distance to the object is equal to or less than 
a predetermined value, and means for, in cases Where an 
absolute value of a difference betWeen a vehicle Width-Wise 
direction position of the determination object and the vehicle 
Width-Wise direction position memoriZed by the position 
calculating and memoriZing means is smaller than a prede 
termined value, determining that the determination object 
and the vehicle Width-Wise direction position correspond to 
each other. 

A tenth aspect of this invention is based on the ninth 
aspect thereof, and provides an apparatus Wherein the pre 
determined value in the execution alloWance conditions 
Which occurs in the presence of a chance that the vehicle 
changes lane is smaller than that occurring in the absence of 
the chance. 

An eleventh aspect of this invention is based on the third 
aspect thereof, and provides an apparatus further comprising 
erroneous correspondence determining means for, regarding 
the object Which is determined by the correspondence deter 
mining means to correspond to the vehicle Width-Wise 
direction position, determining Whether or not an object on 
the opposite road side is erroneously determined to corre 
spond to the vehicle Width-Wise direction position While 
considering conditions of a curvature of a road Which occur 
during a predetermined time interval past, and for, When it 
is determined that an object on the opposite road side is 
erroneously determined to correspond to the vehicle Width 
Wise direction position, correcting the determination and 
neWly determining that the object does not correspond to the 
vehicle Width-Wise direction position and causing the object 
to be unused by the road edge recogniZing means. 
A tWelfth aspect of this invention is based on the eleventh 

aspect thereof, and provides an apparatus Wherein the erro 
neous correspondence determining means comprises means 
for calculating a circle Whose tangent vector is equal to a 
relative speed vector of the effective stationary object, and 
Whose center is on a vehicle Width-Wise direction, means for 



US 6,553,282 B2 
5 

setting a radius of the circle as a curvature radius of a road, 
and means for, in cases Where an absolute value of a 
difference betWeen a vehicle Width-Wise direction position 
of the determination object Which is predicted from a 
curvature radius available in a predetermined time interval 
past and the vehicle Width-Wise direction position memo 
riZed by the position calculating and memorizing means 
Which corresponds to the opposite road side is smaller than 
a predetermined value, determining that the correspondence 
is erroneous. 

A thirteenth aspect of this invention is based on the 
tWelfth aspect thereof, and provides an apparatus Wherein 
the erroneous correspondence determining means comprises 
means for, in cases Where a stationary object on the opposite 
road side is not detected so that the vehicle Width-Wise 
direction position for the erroneous corresponding determi 
nation is unavailable, calculating a virtual vehicle Width 
Wise direction position corresponding to the opposite road 
side on the basis of a road Width and the vehicle Width-Wise 
direction position of the stationary object being the deter 
mination object, and using the virtual vehicle Width-Wise 
direction position in the erroneous correspondence determi 
nation. 
A fourteenth aspect of this invention provides a recording 

medium storing a program for controlling a computer oper 
ating as the recogniZing means in the apparatus of the third 
aspect of this invention. 
A ?fteenth aspect of this invention provides an apparatus 

for a vehicle Which comprises ?rst means for periodically 
detecting stationary objects in an area extending ahead of the 
vehicle; second means for calculating positions of the sta 
tionary objects detected by the ?rst means relative to the 
vehicle; third means for calculating speeds of the stationary 
objects detected by the ?rst means relative to the vehicle; 
fourth means for, from the positions calculated by the second 
means and the speeds calculated by the third means, pre 
dicting positions on a transverse axis With respect to the 
vehicle through Which the stationary objects detected by the 
?rst means Will pass as vieWed from the vehicle; ?fth means 
for selecting positions from among the positions predicted 
by the fourth means; sixth means for calculating an average 
position among the positions selected by the ?fth means; 
seventh means for selecting at least one stationary object 
from among the stationary objects detected by the ?rst 
means; and eighth means for recogniZing a line connecting 
the average position calculated by the sixth means and the 
position of the stationary object selected by the seventh 
means as a road edge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a vehicle control apparatus 
according to an embodiment of this invention. 

FIG. 2 is an operation ?oW diagram of a computer in FIG. 
1. 

FIG. 3 is a ?oWchart of a segment of a program for the 
computer in FIG. 1. 

FIG. 4 is a ?oWchart of a block in FIG. 3. 

FIG. 5 is a ?oWchart of another block in FIG. 3. 

FIG. 6 is a diagram of a vehicle, targets, and transverse 
positions Xcross (R) and Xcross 

FIG. 7 is a diagram of a vehicle, targets, and transverse 
positions Xcross related to the targets. 

FIG. 8 is a diagram of a vehicle, a stationary target, and 
an estimated road curvature radius. 

FIG. 9 is a diagram of a vehicle, a target, average 
transverse positions Xcrossiave (R) and Xcrossiave (L), 
and an estimated road curvature radius R. 
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6 
FIG. 10 is a diagram of a real average transverse position 

Xcrossiave (L) and a virtual average transverse position 
Xcrossiave 

FIG. 11 is a diagram of a vehicle, a stationary target, an 
estimated road curvature radius R, and a predicted transverse 
position Xcross of the stationary target. 

FIG. 12 is a diagram of a vehicle, stationary targets, 
average transverse positions Xcrossiave (R) and Xcrossi 
ave (L), and recogniZed road edges. 

FIG. 13 is a diagram of a vehicle, stationary targets, 
average transverse positions Xcrossiave (R) and Xcrossi 
ave (L), and recogniZed road edges. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shoWs a vehicle control apparatus according to an 
embodiment of this invention. The vehicle control apparatus 
is mounted on a vehicle. The vehicle control apparatus 
alarms When an obstacle in a speci?ed condition exists in a 
given angular region (a given detection area) in front of the 
present vehicle. The vehicle control apparatus adjusts the 
speed of the present vehicle in accordance With the speed of 
a preceding vehicle. 

As shoWn in FIG. 1, the vehicle control apparatus 
includes a computer (for example, a microcomputer) 3. The 
computer 3 has a combination of an input/output (I/O) 
interface, a CPU, a ROM, and a RAM. The computer 3 
operates in accordance With a program stored in the ROM. 
The program may be stored in the RAM. In this case, the 
RAM is provided With a backup device. 

Alternatively, the program may be stored in a recording 
medium such as a ?oppy disk, a magneto-optical disk, a 
CD-ROM, or a hard disk. In this case, the computer 3 is 
connected With a drive for the recording medium, and the 
program is doWnloaded into the computer 3 through the 
drive. 

The vehicle control apparatus includes a distance and 
angle measurement device 5, a vehicle speed sensor 7, a 
brake sWitch 9, and a throttle opening degree sensor (a 
throttle position sensor) 11 Which are connected to the 
computer 3. The output signals of the devices 5, 7, 9, and 11 
are inputted into the computer 3. The distance and angle 
measurement device 5 acts as an obstacle detection device 
for the present vehicle. 
The vehicle control apparatus includes an alarm sound 

generator 13, a distance indicator 15, a sensor failure indi 
cator 17, a brake drive device 19, a throttle drive device 21, 
and an automotive automatic transmission control device 23 
Which are connected to the computer 3. The computer 3 
outputs drive signals to the devices 13, 15, 17, 19, 21, and 
23. 

The vehicle control apparatus includes an alarm sound 
volume setting device 24, an alarm sensitivity setting device 
25, a cruise control sWitch 26, a steering sensor 27, and a 
yaW rate sensor 28 Which are connected to the computer 3. 
The output signals of the devices 24, 25, 26, 27, and 28 are 
inputted into the computer 3. The alarm sound volume 
setting device 24 acts to set the volume of alarm sound. The 
alarm sensitivity setting device 25 acts to set the sensitivity 
in a Warning determination process mentioned later. The 
steering sensor 27 detects the degree of operation of a 
vehicle steering Wheel (not shoWn), that is, the steering 
angle in the present vehicle. 
The vehicle control apparatus includes a poWer supply 

sWitch 29 connected to the computer 3. When the poWer 
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supply switch 29 is changed to its on position, the computer 
3 is powered and starts predetermined processes. 

The distance and angle measurement device 5 has a 
transmitting and receiving portion 5a, and a distance and 
angle calculating portion 5b. The transmitting and receiving 
portion 5a emits a forWard laser beam ahead of the present 
vehicle, and controls the forWard laser beam to periodically 
scan a given angular region in front of the present vehicle. 
The given angular region corresponds to a given sectorial 
detection area monitored by the transmitting and receiving 
portion 5a. In the case Where an object eXists in the detection 
area (the given angular region), the forWard laser beam 
encounters the object before being at least partially re?ected 
thereby. A portion of the re?ected laser beam returns to the 
transmitting and receiving portion 5a as an echo laser beam. 
The transmitting and receiving portion 5a receives the echo 
laser beam, and converts the echo laser beam into a corre 
sponding electric signal. The transmitting and receiving 
portion 5a outputs the electric signal to the distance and 
angle calculating portion 5b. 

The distance and angle calculating portion 5b detects the 
angle (the angular position) “6” of the object in response to 
the output signal from the transmitting and receiving portion 
5a. The distance and angle calculating portion 5b measures 
the time interval betWeen the moment of the transmission of 
a forWard laser beam and the moment of the reception of a 
related echo laser beam in response to the output signal from 
the transmitting and receiving portion 5a. The distance and 
angle calculating portion 5b detects the distance “r” to the 
object from the present vehicle on the basis of the measured 
time interval. The distance and angle calculating portion 5b 
informs the computer 3 of the angle (the angular position) 
“6” of the object and the distance “r” thereto. In general, 
since the object is smaller than the cross-sectional area of the 
forWard laser beam and is scanned thereby, the distance and 
angle information noti?ed from the distance and angle 
calculating portion 5b to the computer 3 contains informa 
tion of the siZe and shape of the object. Objects detected by 
the distance and angle measurement device 5 include 
obstacles. 

The laser beam may be replaced by a radio Wave beam, 
a millimeter Wave beam, or an ultrasonic beam. The scan 

ning may be implemented by controlling the echo beam 
reception by the transmitting and receiving portion 5a. 

The computer 3 eXecutes a Warning determination process 
designed to generate an alarm in the case Where an obstacle 
remains in a speci?ed area during longer than a prescribed 
time interval. The obstacle corresponds to, for example, a 
preceding vehicle, a stationary vehicle, a guardrail on a road 
side, or a prop on a road side. Simultaneously With the 
execution of the Warning determination process, the com 
puter 3 operates to control the distance betWeen the present 
vehicle and a preceding vehicle. Speci?cally, during the 
inter-vehicle distance control, the computer 3 controls the 
brake drive device 19, the throttle drive device 21, and the 
automatic transmission control device 23 and thereby 
adjusts the speed of the present vehicle in accordance With 
conditions of the preceding vehicle. 

FIG. 2 shoWs the How of operation of the computer 3 
rather than the hardWare structure thereof. With reference to 
FIG. 2, a coordinate transformation block 41 receives, from 
the distance and angle calculating portion 5b in the distance 
and angle measurement device 5, measurement data repre 
senting a distance “r” and an angle “6” concerning each 
detected object. The coordinate transformation block 41 
converts the distance and angle data of polar coordinates 
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into measurement data of X-Z orthogonal coordinates 
designed so that the origin (0, 0) coincides With the center 
of a laser radar formed by the distance and angle measure 
ment device 5, and the X aXis and the Z aXis coincide With 
a Width-Wise direction and a longitudinal forWard direction 
of the present vehicle respectively. The coordinate transfor 
mation block 41 outputs the orthogonal-coordinate measure 
ment data to an object recognition block 43 and a road shape 
recognition block 45. 
A vehicle speed calculation block 47 computes the speed 

V of the present vehicle on the basis of the output signal 
from the vehicle speed sensor 7. 

The object recognition block 43 calculates the central 
position (X, Z) and siZe (W, D) of each detected object on 
the basis of the orthogonal-coordinate measurement data. 
Here, W denotes a transverse Width, and D denotes a depth. 
The object recognition block 43 calculates the speed (VX, 
VZ) of the object relative to the present vehicle from 
time-domain movement of the central position (X, Z) 
thereof. The object recognition block 43 is informed of the 
speed V of the present vehicle by the vehicle speed calcu 
lation block 47. The object recognition block 43 determines 
Whether or not each detected object is stationary or moving 
on the basis of the vehicle speed V and the relative speed 
(VX, VZ). One or more Which may affect the travel of the 
present vehicle are selected from among detected objects on 
the basis of the stationary-moving determination results and 
the central positions of the detected objects. Information of 
the distance to each selected object is transferred to the 
distance indicator 15 so that the distance to the selected 
object is indicated by the distance indicator 15. A model of 
an object Which is represented by central position data, siZe 
data, relative-speed data, and stationary-moving determina 
tion result data (recognition type data) Will be called a target 
model. 
A sensor failure detection block 44 receives the output 

data (the object-recognition result data) from the object 
recognition block 43 Which represent the object parameters 
calculated thereby. The sensor failure detection block 44 
determines Whether the output data from the object recog 
nition block 43 are in a normal range or an abnormal range. 
When the output data from the object recognition block 43 
are in the abnormal range, the sensor failure detection block 
44 activates the sensor failure indicator 17 to indicate a 
failure. 
The road shape recognition block 45 receives the object 

recognition result data from the object recognition block 43. 
The road shape recognition block 45 recogniZes a road shape 
on the basis of the orthogonal-coordinate measurement data 
and the object-recognition result data. The recognition of a 
road shape Will be described later in more detail. The road 
shape recognition block 45 outputs data (road shape data) to 
a preceding-vehicle determination block 53 Which represent 
the result of the road shape recognition. 
A steering angle calculation block 49 computes the steer 

ing angle regarding the present vehicle on the basis of the 
output signal from the steering sensor 27. A yaW rate 
calculation block 51 computes the yaW rate of the present 
vehicle on the basis of the output signal from the yaW rate 
sensor 28. 

A curvature-radius calculation block 63 is informed of the 
vehicle speed V by the vehicle speed calculation block 47. 
The curvature-radius calculation block 63 is informed of the 
computed steering angle by the steering angle calculation 
block 49. The curvature-radius calculation block 63 is 
informed of the computed yaW rate by the yaW rate calcu 
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lation block 51. The curvature-radius calculation block 63 
computes the radius R of curvature of the road on the basis 
of the vehicle speed V, the steering angle, and the yaW rate. 
The preceding-vehicle determination block 53 is 

informed of the computed curvature radius R by the 
curvature-radius calculation block 63. The preceding 
vehicle determination block 53 is informed of the stationary 
moving determination results, the object central positions 
(X, Z), the object siZes (W, D), and the relative speeds (Vx, 
VZ) by the object recognition block 43. The preceding 
vehicle determination block 53 receives the road shape data 
from the road shape recognition block 45. The preceding 
vehicle determination block 53 determines or selects a 
preceding vehicle from among the detected objects on the 
basis of the curvature radius R, the stationary-moving deter 
mination results, the object central positions (X, Z), the 
object siZes (W, D), the relative speeds (Vx, V2), and the 
road shape data. The preceding-vehicle determination block 
53 calculates the distance Z to the preceding vehicle from 
the present vehicle, and the speed VZ of the preceding 
vehicle relative to the present vehicle. 
An inter-vehicle distance control and Warning determina 

tion block 55 is informed of the distance Z to the preceding 
vehicle and the relative speed VZ by the preceding-vehicle 
determination block 53. The inter-vehicle distance control 
and Warning determination block 55 is informed of the 
vehicle speed V by the vehicle speed calculation block 47. 
The inter-vehicle distance control and Warning determina 
tion block 55 computes the acceleration of the preceding 
vehicle from the relative speed VZ and the vehicle speed V. 
The inter-vehicle distance control and Warning determina 
tion block 55 is informed of the object central positions (X, 
Z), the object Widths D, and the stationary-moving deter 
mination results by the object recognition block 43. The 
inter-vehicle distance control and Warning determination 
block 55 detects setting conditions of the cruise control 
sWitch 26 from the output signal thereof. The inter-vehicle 
distance control and Warning determination block 55 detects 
the state of the brake sWitch 9 from the output signal thereof. 
The state of the brake sWitch 9 represents Whether or not a 
vehicle brake pedal is depressed. The inter-vehicle distance 
control and Warning determination block 55 is informed of 
the degree of opening through a vehicular engine throttle 
valve by the throttle opening degree sensor 11. The inter 
vehicle distance control and Warning determination block 55 
is informed of the alarm sensitivity setting value by the 
alarm sensitivity setting device 25. The inter-vehicle dis 
tance control and Warning determination block 55 imple 
ments a Warning determination and a cruise determination in 
response to the distance Z to the preceding vehicle, the 
relative speed VZ, the vehicle speed V, the preceding-vehicle 
acceleration, the object central positions (X, Z), the object 
Widths D, the stationary-moving determination results, the 
setting conditions of the cruise control sWitch 26, the state 
of the brake sWitch 9, the throttle opening degree, and the 
alarm sensitivity setting value. During the Warning 
determination, the inter-vehicle distance control and Warn 
ing determination block 55 determines Whether or not an 
alarm should be generated. During the cruise determination, 
the inter-vehicle distance control and Warning determination 
block 55 determines the contents of vehicle speed control. 
When it is determined that an alarm should be generated, the 
inter-vehicle distance control and Warning determination 
block 55 outputs an alarm generation signal to the alarm 
sound generator 13. In this case, the alarm sound generator 
13 produces alarm sound. The inter-vehicle distance control 
and Warning determination block 55 adjusts the level of the 
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alarm sound in accordance With the sound volume set by the 
alarm sound volume setting device 24. In the case Where the 
cruise determination corresponds to the execution of cruise 
control, the inter-vehicle distance control and Warning deter 
mination block 55 outputs suitable control signals to the 
automotive automatic transmission control device 23, the 
brake drive device 19, and the throttle drive device 21. 
During the execution of Warning control and cruise control, 
the inter-vehicle distance control and Warning determination 
block 55 outputs an indication signal to the distance indi 
cator 15 to inform the vehicle’s driver of distance-related 
conditions. 

As previously mentioned, the computer 3 operates in 
accordance With a program stored in its internal ROM or 
RAM. FIG. 3 is a ?oWchart of a segment of the program for 
the computer 3 Which relates to the recognition of a road 
shape. The program segment in FIG. 3 is repetitively 
executed at a period corresponding to the period of the 
scanning implemented by the distance and angle measure 
ment device 5. 

As shoWn in FIG. 3, a ?rst step S1000 of the program 
segment receives distance and angle measurement data from 
the distance and angle measurement device 5 for one period 
of the scanning. In other Words, the step S1000 receives 
distance and angle measurement data corresponding to one 
frame. The scanning period is equal to, for example, 100 
msec. 

A step S2000 folloWing the step S1000 converts the 
distance and angle data of polar coordinates into measure 
ment data of X-Z orthogonal coordinates. The step S2000 
corresponds to the object recognition block 43, and imple 
ments the previously-mentioned object recognition on the 
basis of the orthogonal-coordinate measurement data. Each 
object recogniZed or detected by the step S2000 Will be 
called a target or a target model. 

The step S2000 is folloWed by a sequence of steps and 
blocks S3000—S8000 Which correspond to the road shape 
recognition block 45 in FIG. 2. 
The step S3000 subsequent to the step S2000 sets data in 

an Xcross table. Here, Xcross denotes the transverse posi 
tion relative to the present vehicle through Which a delin 
eator (a stationary target) passes, that is, the X coordinate of 
the point of intersection betWeen the X axis and the locus 
(the trajectory) of the delineator as shoWn in FIG. 6. The 
transverse position Xcross of each target has been calculated 
by the step S6000 during the immediately preceding execu 
tion cycle of the program segment. The positive sign of a 
transverse position Xcross corresponds to the right-hand 
side of the road, While the negative sign thereof corresponds 
to the left-hand side of the road. A transverse position 
corresponding to the right-hand side of the road is denoted 
by Xcross A transverse position corresponding to the 
left-hand side of the road is denoted by Xcross The 
Xcross table has an (R) section and an (L) section. Data 
pieces representing up to ?ve transverse positions Xcross 
(R) can be set in the (R) section of the Xcross table. Data 
pieces representing up to ?ve transverse positions Xcross 
(L) can be set in the (L) section of the Xcross table. 
Regarding only each stationary target Which has moved out 
of the detection area related to the distance and angle 
measurement device 5 and has been lost, the step S3000 sets, 
in the corresponding one of the (R) and (L) sections of the 
Xcross table, a data piece representative of a predicted 
transverse position Xcross Which Was calculated by the step 
S6000 during the immediately preceding execution cycle of 
the program segment. In the case Where each of the (R) and 
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(L) sections of the Xcross table is fully occupied by data 
pieces, a data piece representative of the oldest delineator 
(the oldest stationary target) is erased from the section of the 
Xcross table When a neW data piece is set therein. Preferably, 
an old data piece corresponding to a moment at least 
30-seconds before the present moment is erased from the 
Xcross table regardless of over?oW conditions of the Xcross 
table. 

The block S4000 following the step S3000 subjects the 
data in the Xcross table to a statistical process, thereby 
calculating an average transverse position (a mean trans 
verse position) Xcrossiave (R) among the transverse posi 
tions Xcross (R), and an average transverse position (a mean 
transverse position) Xcrossiave (L) among the transverse 
positions Xcross 

FIG. 4 shoWs the details of the block S4000. As shoWn in 
FIG. 4, the block S4000 includes a sequence of steps S4100 
and S4200. The step S4100 Which folloWs the step S3000 
(see FIG. 3) calculates a ?rst (R) average transverse position 
among the transverse positions Xcross (R) through a simple 
mean process. The step S4100 calculates a ?rst (L) average 
transverse position among the transverse positions Xcross 
(L) through the simple mean process. The step S4200 
subsequent to the step S4100 searches the transverse posi 
tions Xcross (R) for an ineffective one or ineffective ones 
Which differ from the ?rst (R) average transverse position by 
at least 1.0 m. The transverse positions Xcross (R) eXcept the 
ineffective one or the ineffective ones are regarded as 

effective transverse positions Xcross When there are 
three or more effective transverse positions Xcross (R), the 
step S4200 calculates a second (R) average transverse 
position among the effective transverse positions Xcross (R) 
and sets the second (R) average transverse position as the 
?nal (R) average transverse position, that is, the average 
transverse position Xcrossiave OtherWise, the step 
S4200 determines that the calculation of the average trans 
verse position Xcrossiave (R) is impossible. Similarly, the 
step S4200 calculates the average transverse position 
Xcrossiave (L), and also determines Whether or not the 
calculation of the average transverse position Xcrossiave 
(L) is impossible. The step S4200 is folloWed by the block 
S5000 (see FIG. 3). 

With reference back to FIG. 3, the block S5000 folloWing 
the block S4000 gives the correspondences among the 
average transverse position Xcrossiave (R) provided by the 
block S4000, the average transverse position Xcrossiave 
(L) provided by the block S4000, and the target models 
provided by the step S2000. When the block S5000 ?nds a 
target suitably corresponding to the average transverse posi 
tion Xcrossiave (R), the block S5000 recogniZes a line 
connecting them as the right-hand edge of the road. When 
the block S5000 ?nds a target suitably corresponding to the 
average transverse position Xcrossiave (L), the block 
S5000 recogniZes a line connecting them as the left-hand 
edge of the road. 

FIG. 5 shoWs the details of the block S5000. As shoWn in 
FIG. 5, the block S5000 includes steps S5100-S5900. The 
step S5100 Which folloWs the block S4000 (see FIG. 3) 
initialiZes the target identi?cation number “i” to “1”. Serial 
numbers starting from “1” are previously assigned to the 
targets given by the step S2000 (see FIG. 3), respectively. A 
target having an identi?cation number “i” Will be referred to 
as a target “i”. After the step S5100, the program advances 
to the step S5200. 

The step S5200 determines Whether or not the target 
eXists. When the target “i” eXists, the program advances 
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from the step S5200 to the step S5300. OtherWise, the 
program jumps from the step S5200 to the step S5800. 

The step S5300 determines Whether or not the target 
satis?es conditions of alloWance of giving correspondence. 
When the target “i” satis?es the alloWance conditions, the 
program advances from the step S5300 to the step S5400. 
OtherWise, the program jumps from the step S5300 to the 
step S5800. The alloWance conditions are as folloWs. 
(1) The target “i” is stationary. 
(2) (D During the normal travel of the present vehicle, the 

distance Z to the target “i” is equal to or less than 100 m. 
@ If there is a chance that the present vehicle is changing 
the lane, the distance Z to the target “i” is equal to or less 
than 50 m. 
Regarding the condition @ in the above-indicated section 

(2), the step S5300 implements a ?rst decision (a) as to 
Whether or not the steering angle in the present vehicle is 
changed (or returned) to more than a predetermined refer 
ence degree on the basis of a time-domain variation in the 
relative speed betWeen a stationary target and the present 
vehicle, and a second decision (b) as to Whether or not the 
point of intersection betWeen the road edge and the X aXis 
changes on the basis of a time-domain variation in the 
transverse position Xcross of the target “i”. The step S5300 
determines Whether or not there is a chance of the lane 
change by the present vehicle on the basis of the results of 
the ?rst and second decisions (a) and 
The step S5400 calculates the absolute value of the 

difference betWeen the average transverse position Xcrossi 
ave (L) and the predicted transverse position Xcross of the 
target “i”. The step S5400 determines Whether or not the 
calculated absolute difference is smaller than 1.5 m. When 
the calculated absolute difference is smaller than 1.5 m, the 
step S5400 decides that the average transverse position 
Xcrossiave (L) and the predicted transverse position 
Xcross of the target “i” correspond to each other, that is, the 
average transverse position Xcrossiave (L) and the target 
“i” correspond to each other. OtherWise, the step S5400 
decides that the average transverse position Xcrossiave (L) 
and the predicted transverse position Xcross of the target “i” 
do not correspond to each other, that is, the average trans 
verse position Xcrossiave (L) and the target “i” do not 
correspond to each other. The step S5400 prevents the 
correspondence giving process from being adversely 
affected by data available immediately before the lane 
change and an abrupt change of the road edge Which is 
involved in, for example, an uphill road. In FIG. 7, the 
predicted transverse position Xcross of the target 2 corre 
sponds to the average transverse position Xcrossiave (L), 
While the predicted transverse position Xcross of the target 
1 does not. 
The step S5500 folloWing the step S5400 determines 

Whether or not the decided correspondence betWeen the 
average transverse position Xcrossiave (L) and the pre 
dicted transverse position Xcross of the target “i” (the 
decided correspondence betWeen the average transverse 
position Xcrossiave (L) and the target “i”) is erroneous. 
The step S5500 is designed in vieW of the folloWing fact. In 
the case Where the present vehicle is entering a road curve 
and the steering angle in the present vehicle is changed 
accordingly, there is a chance that a target actually on the 
right-hand side of the road is erroneously decided to be in 
correspondence With the average transverse position 
Xcrossiave When it is determined that the decided 
correspondence betWeen the average transverse position 
Xcrossiave (L) and the predicted transverse position 
Xcross of the target “i” is erroneous, the step S5500 cancels 
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the decided correspondence and newly decides that the 
average transverse position Xcrossiave (L) and the pre 
dicted transverse position Xcross of the target “i” do not 
correspond to each other (the average transverse position 
Xcrossiave (L) and the target “i” do not correspond to each 
other). 

The determination by the step S5500 Will be described 
below in more detail. In consideration of conditions of a 
road curve Which have occurred for 5 seconds past, a 
determination is made as to Whether or not there is a chance 
that the target “i” corresponds to the average transverse 
position Xcrossiave The conditions of the road curve 
use a curvature radius R estimated from a stationary target. 
Acircle is calculated. The circle passes through the center of 
the stationary target. A tangent vector on the circle is equal 
in direction to the relative speed vector for the stationary 
target. When it is assumed that the center of the circle is on 
the X axis, the circle intersects With the X axis at a right 
angle. Accordingly, in this case, the circle is uniquely 
decided. 

Speci?cally, as shoWn in FIG. 8, a circle is calculated 
Which passes through the center of a stationary target, and 
Which intersects With the X axis at a right angle. On the 
supposition that |X|<<|R|, Z, a parabola is approximate to the 
circle and hence the circle is expressed by the folloWing 
equation. 

Since the tangent vector on the circle is equal in direction to 
the relative speed vector for the stationary target, the fol 
loWing equation is available. 

From the equations (1) and (2), the radius R is given as 
folloWs. 

In the case Where there are a plurality of stationary targets, 
estimated radii R are calculated for the stationary targets 
respectively and a mean of the estimated radii R is used as 
a ?nal radius. 

Subsequently, a determination is made as to Whether or 
not the target “i” corresponds to the average transverse 
position Xcrossiave (R) by using a previous estimated 
radius R available at a moment Which precedes the present 
moment by a time corresponding to N periods of the 
scanning Where N denotes a natural number betWeen 1 and 
50. One period of the scanning is equal to, for example, 100 
msec. As shoWn in FIG. 9, a circle is calculated Which has 
a radius equal to the previous estimated radius R. The circle 
passes through the center of the target “i”, and intersects 
With the X axis at a right angle. The circle is expressed by 
the folloWing equation. 

When Z=0, the equation (4) changes into the folloWing 
version. 

The point of intersection betWeen the circle and the X axis 
is de?ned as a predicted transverse position PXcross given 
by the folloWing equation. 

PXcross=X0—Z0'Vx/2Vz (6) 

Provided that a beloW-indicated relation (7) is satis?ed at 
least once during 5 seconds past, it is decided that the target 
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1 may correspond to the average transverse position 
Xcrossiave The relation (7) is expressed as folloWs. 

(7) 

In this case, the decided correspondence betWeen the target 
“i” and the average transverse position Xcrossiave (L) is 
canceled. Thus, it is neWly decided that the target “i” and the 
average transverse position Xcrossiave (L) do not corre 
spond to each other. 

In the case Where only a delineator or delineators on the 
left-hand side of the road are detected, the average trans 
verse position Xcrossiave (R) is unavailable. In this case, 
as shoWn in FIG. 10, a position on the X axis Which is 
separate from the average transverse position Xcrossiave 
(L) by a predetermined distance (for example, 8.5 m) is used 
as a virtual average transverse position Xcrossiave A 
distance of 8.5 m corresponds to the Width of tWo lanes plus 
the Width of road shoulders. 
The step S5600 folloWing the step S5500 is similar in 

contents to the step S5400 except that the step S5600 decides 
the correspondence betWeen the target “i” and the average 
transverse position Xcrossiave (R) rather than the corre 
spondence betWeen the target “i” and the average transverse 
position Xcrossiave The step S5700 subsequent to the 
step S5600 is similar in contents to the step S5500 except 
that the step S5700 implements an error-related determina 
tion about the correspondence betWeen the target “i” and the 
average transverse position Xcrossiave (R) rather than the 
correspondence betWeen the target “i” and the average 
transverse position Xcrossiave 

Speci?cally, the step S5600 calculates the absolute value 
of the difference betWeen the average transverse position 
Xcrossiave (R) and the predicted transverse position 
Xcross of the target “i”. The step S5600 determines Whether 
or not the calculated absolute difference is smaller than 1.5 
m. When the calculated absolute difference is smaller than 
1.5 m, the step S5600 decides that the average transverse 
position Xcrossiave (R) and the target “i” correspond to 
each other. OtherWise, the step S5600 decides that the 
average transverse position Xcrossiave (R) and the target 
“i” do not correspond to each other. The step S5700 deter 
mines Whether or not the decided correspondence betWeen 
the average transverse position Xcrossiave (R) and the 
target “i” is erroneous. After the step S5700, the program 
advances to the step S5800. 
The step S5800 increments the target identi?cation num 

ber “i” by “1” according to the statement as “i=i+1”. 
The step S5900 folloWing the step S5800 compares the 

target identi?cation number “i” With a maximum number 
“i0”. When the target identi?cation number “i” is smaller 
than the maximum number “i0”, the program returns from 
the step S5900 to the step S5200. OtherWise, the program 
advances from the step S5900 to the step S6000 (see FIG. 3). 
With reference back to FIG. 3, the step S6000 calculates 

the predicted transverse positions Xcross of the stationary 
targets, respectively. As shoWn in FIG. 11, a circle is 
calculated for each of the stationary targets. The circle 
passes through the center of the related stationary target. A 
tangent vector on the circle is equal in direction to the 
relative speed vector for the related stationary target. When 
it is assumed that the center of the circle is on the X axis, the 
circle intersects With the X axis at a right angle. Accordingly, 
in this case, the circle is uniquely decided. The point of 
intersection betWeen the circle and the X axis is de?ned as 
the predicted transverse position Xcross of the related sta 
tionary target. The predicted transverse positions Xcross 
calculated by the step S6000 Will be used by the step S3000 

IPXcross-Xcrossfave (R)|<1.5 m 
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in the next execution cycle of the program segment. 
Speci?cally, during the next execution cycle of the program 
segment, the Xcross table is loaded by the step S3000 With 
each data piece representative of the predicted transverse 
position Xcross of a stationary target being lost and moving 
out of the detection area related to the distance and angle 
measurement device 5. 

The step S7000 subsequent to the step S6000 estimates 
next positions (neW positions or future positions) of the 
stationary targets. The step S7000 determines Whether or not 
each of the stationary targets Will remain Within the detec 
tion area in the next execution cycle of the program segment 
by referring to the estimated next position of the stationary 
target. Speci?cally, the step S7000 calculates a next position 
(Xnext, Znext) of each of the stationary targets from the 
present position (X0, Z0) thereof, the scanning period AT, 
and the relative speed (Vx, VZ) thereof according to the 
folloWing equations. 

Then, the step S7000 determines Whether or not the calcu 
lated next position (Xnext, Znext) is in the detection area. 
The detection area corresponds to an angular range of, for 
example, 20 degrees. A stationary target is noW considered 
Whose next position (Xnext, Znext) is determined to be 
outside the detection area by the step S7000, and Which is 
not detected at the next execution cycle of the program 
segment. It is decided that such a stationary target has 
actually moved out of the detection area. Information of this 
stationary target is used by the step S3000. 

The step S8000 folloWing the step S7000 refers to each 
correspondence betWeen a stationary target and the average 
transverse position Xcrossiave (R), and each correspon 
dence betWeen a stationary target and the average transverse 
position Xcrossiave (L) Which are decided by the block 
S5000. As shoWn in FIG. 12, the step S8000 recogniZes a 
line connecting the average transverse position Xcrossiave 
(R) and the central position of the corresponding target to be 
the right-hand road edge. In addition, the step S8000 rec 
ogniZes a line connecting the average transverse position 
Xcrossiave (L) and the central position of the correspond 
ing target to be the left-hand road edge. For example, the 
connecting lines are straight, curved, or parabolic. In FIG. 3, 
there are three stationary targets corresponding to the aver 
age transverse position Xcrossiave (R), and three stationary 
targets corresponding to the average transverse position 
Xcrossiave In this case, lines connecting the average 
transverse position Xcrossiave (R) and the corresponding 
stationary targets Which are given by interpolation are rec 
ogniZed as the right-hand road edge. Similarly, lines con 
necting the average transverse position Xcrossiave (L) and 
the corresponding stationary targets Which are given by 
interpolation are recogniZed as the left-hand road edge. The 
recogniZed right-hand and left-hand road edges may be 
denoted by interpolation-based curved lines. After the step 
S8000, the current execution cycle of the program segment 
ends. 

In the embodiment of this invention, the distance and 
angle measurement device 5 corresponds to radar means 
While the coordinate transformation block 41, the object 
recognition block 43, and the road shape recognition block 
45 provided by the computer 3 correspond to recogniZing 
means. In addition, the coordinate transformation block 41 
and the object recognition block 43 correspond to object 
recogniZing means. The road shape recognition block 45 
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corresponds to average position calculating and memoriZing 
means, correspondence determining means, erroneous cor 
respondence determining means, and road edge recogniZing 
means. 

The embodiment of this invention has advantages as 
folloWs. In the case Where the present vehicle continues to 
travel along the same lane and the number of lanes in the 
road remains constant, the point of intersection betWeen the 
X axis and the right-hand road edge and the point of 
intersection betWeen the X axis and the left-hand road edge 
remain substantially ?xed as vieWed from the present 
vehicle. Thus, according to the road shape recognition in the 
embodiment of this invention, each road edge can be suit 
ably recogniZed even When there is only one detected 
delineator (one detected stationary target). A margin of a 
certain degree is provided in the conditions of giving cor 
respondences among stationary targets and average trans 

verse positions Xcrossiave (R) and Xcrossiave Therefore, even in the case Where the present vehicle travels 

along a curved road Whose curvature radius gradually 
changes, road edges can be stably recogniZed. The reason for 
the stable recognition is as folloWs. Relative speed vectors 
are used in calculating transverse positions Xcross. In the 
case Where the present vehicle travels along a curved road 
Whose curvature radius gradually changes, relative speed 
vectors also gradually vary. Providing the margin of the 
certain degree enables such variations in the relative speed 
vectors to be suitably considered. 

In the embodiment of this invention, road edges can be 
recogniZed at every moment. When the steering operation by 
the vehicle’s driver ?uctuates, relative speed vectors also 
?uctuate. Even in such a case, road edges can be suitably 
recognized since average transverse positions Xcrossiave 
(R) and Xcrossiave (L) are used and only stationary targets 
corresponding thereto are selected and used. 
A determination about a preceding vehicle is executed on 

the basis of such suitably recogniZed road shapes. Inter 
vehicle distance control and Warning control are imple 
mented in response to the result of the determination about 
a preceding vehicle. Thus, the inter-vehicle distance control 
and the Warning control can be suitably executed. 
The embodiment of this invention may be modi?ed as 

folloWs. 
(1) In the case Where the block S5000 determines that there 

are a plurality of stationary targets corresponding to the 
average transverse positions Xcrossiave (R) or Xcrossi 
ave (L), the step S8000 recogniZes a related road edge in 
consideration of all the corresponding stationary targets. 
When there is only one corresponding stationary target for 
each of the right-hand and left-hand road sides, both road 
edges can be recogniZed. When there are a plurality of 
corresponding stationary targets, all of them are used. 
This design provides an increased recognition accuracy. 
In the case Where only one of tWo road edges is 
recogniZed, the other road edge may be detected in vieW 
of the road Width. 

(2) The numerical values for the determinations of the 
various types are indicated regarding the embodiment of 
this invention. The numerical values are merely examples. 
The numerical values may be changed so that only 
accurate data Will be used. In this case, a high recognition 
accuracy is available. As the number of pieces of used 
data decreases, the number of opportunities for road shape 
recognition also decreases. The number of usable data 
pieces may be increased to increase the number of oppor 
tunities for road shape recognition. The numerical values 
may be changed depending on application conditions. 
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(3) In the embodiment of this invention, the distance and 
angle measurement device 5 Which employs the laser 
beam is used as radar means. The distance and angle 
measurement device 5 may be modi?ed to use a milli 
meter Wave beam. In the case Where the radar means uses 

a Doppler radar or an FMCW radar employing a milli 
meter Wave beam, information of a distance to a preced 
ing vehicle and information of a relative speed of the 
preceding vehicle are simultaneously derived from an 
echo Wave beam (a return Wave beam). Thus, in this case, 
it is unnecessary to execute a step of calculating a relative 
speed from distance information. 
What is claimed is: 
1. A method of applying a transmission Wave to a prede 

termined angular range in a Width-Wise direction of a 
vehicle, and recogniZing a shape of a road extending ahead 
of the vehicle on the basis of a re?ected Wave Which results 
from re?ection of the transmission Wave, the method com 
prising the steps of: 

detecting a position of an object and a relative speed of the 
object on the basis of the re?ected Wave; 

determining Whether the object is moving or stationary on 
the basis of the detected relative speed of the obj ect and 
a speed of the vehicle; 

for at least one of right-hand and left-hand sides of the 
vehicle, calculating and memoriZing a vehicle Width 
Wise direction position Where a stationary object effec 
tive for road-shape recognition passes through the 
related side of the vehicle on the basis of the detected 
position of the object and a result of determining 
Whether the object is moving or stationary; and 

recogniZing a line connecting the memoriZed vehicle 
Width Wise direction position and the detected position 
of the currently handled object corresponding to the 
effective stationary object as a road edge. 

2. A method as recited in claim 1, further comprising the 
steps of: 

calculating and memoriZing an average vehicle Width 
Wise direction position among the calculated vehicle 
Width-Wise direction positions; and 

using the average vehicle Width-Wise direction position in 
the road edge recognition. 

3. An apparatus for recogniZing a road shape, comprising: 
radar means for applying a transmission Wave to a pre 

determined angular range in a Width-Wise direction of 
a vehicle, and detecting a position of an object on the 
basis of a re?ected Wave Which results from re?ection 
of the transmission Wave; and 

recogniZing means for recogniZing a shape of a road 
extending ahead of the vehicle on the basis of a result 
of detection by the radar means; 

Wherein the recogniZing means comprises: 
1) object recogniZing means for detecting a position of 

the object and a relative speed of the object on the 
basis of the result of detection by the radar means, 
and for determining Whether the object is moving or 
stationary on the basis of the detected relative speed 
of the object and a speed of the vehicle; 

2) position calculating and memoriZing means for, 
regarding at least one of right-hand and left-hand 
sides of the vehicle, calculating and memoriZing a 
vehicle Width-Wise direction position Where a sta 
tionary object effective for road shape recognition 
passes through the related side of the vehicle on the 
basic of a result of function by the object recogniZing 
means; 
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3) correspondence determining means for determining 

Whether or not an object currently handle by the 
object recogniZing means corresponds to the vehicle 
Width-Wise direction position memoriZed by the 
position calculating and memoriZing means; and 

4) road edge recogniZing means for, in cases Where the 
correspondence determining means determines that 
the object currently handled by the object recogniZ 
ing means corresponds to the vehicle Width-Wise 
direction position, recogniZing a line connecting the 
vehicle Width-Wise Wise direction position and the 
detected position of the object currently handled by 
the object recogniZing means as a road edge. 

4. An apparatus as recited in claim 3, Wherein the position 
calculating and memoriZing means comprises means for 
calculating and memoriZing an average among vehicle 
Width-Wise direction positions for effective stationary 
objects, Wherein the correspondence determining means 
comprises means for using the average as the vehicle 
Width-Wise direction position, and Wherein the road edge 
recogniZing means comprises means for using the average as 
the vehicle Width-Wise direction position. 

5. An apparatus as recited in claim 3, Wherein the position 
calculating and memoriZing means comprises means for 
calculating and memoriZing a vehicle Width-Wise direction 
position or an average position for the right-hand side of the 
vehicle, and means for calculating and memoriZing a vehicle 
Width-Wise direction position or an average position for the 
left-hand side of the vehicle, Wherein the correspondence 
determining means comprises means for determining 
Whether or not a currently handled object corresponds to the 
vehicle Width-Wise direction position or the average position 
for the right-hand side of the vehicle, and means for deter 
mining Whether or not a currently-handled object corre 
sponds to the vehicle Width-Wise direction position or the 
average position for the left-hand side of the vehicle, and 
Wherein the road edge recogniZing means comprises means 
for recogniZing right-hand and left-hand road edges on the 
basis of the vehicle Width-Wise direction positions or the 
average positions for the right-hand and left-hand sides of 
the vehicle and a result of function by the correspondence 
determining means. 

6. An apparatus as recited in claim 3, Wherein the road 
edge recogniZing means comprises means for, in cases 
Where there are a plurality of objects determined to corre 
spond to the vehicle Width-Wise direction position, imple 
menting interpolation With respect to regions betWeen the 
objects to form lines connecting the objects and recogniZing 
the lines connecting the objects and a line connecting the 
vehicle Width-Wise direction position and the detected posi 
tion of nearest one of the objects as a road edge. 

7. An apparatus as recited in claim 3, Wherein the position 
calculating and memoriZing means comprises means for 
calculating a circle Whose tangent vector is equal to a 
relative speed vector of the effective stationary object, and 
Whose center is on a vehicle Width-Wise direction, and 
means for using a point of intersection betWeen the circle 
and the vehicle Width-Wise direction as the vehicle Width 
Wise direction position. 

8. An apparatus as recited in claim 4, Wherein the position 
calculating and memoriZing means comprises means for 
calculating a ?rst average among vehicle Width-Wise direc 
tion positions through a simple mean process, means for 
disregarding each vehicle Width-Wise direction position 
Which differs from the ?rst average by at least a predeter 
mined value, means for, in cases Where the number of the 
vehicle Width-Wise direction positions except the disre 
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garded positions is equal to or greater than a predetermined 
number, calculating a second average among the vehicle 
Width-Wise direction positions except the disregarded posi 
tions and using the second average as the ?nal average, and 
means for, in cases Where the number of the vehicle Width 
Wise direction positions except the disregarded positions is 
smaller than the predetermined number, determining that the 
calculation of the ?nal average is impossible. 

9. An apparatus as recited in claim 3, Wherein the corre 
spondence determining means comprises means for setting 
an object as an object to be determined Which satis?es 
execution alloWance conditions such that the object is sta 
tionary and a distance to the object is equal to or less than 
a predetermined value, and means for, in cases Where an 
absolute value of a difference betWeen a vehicle Width-Wise 
direction position of the determination object and the vehicle 
Width-Wise direction position memoriZed by the position 
calculating and memoriZing means is smaller than a prede 
termined value, determining that the determination object 
and the vehicle Width-Wise direction position correspond to 
each other. 

10. An apparatus as recited in claim 9, Wherein the 
predetermined value in the execution alloWance conditions 
Which occurs in the presence of a chance that the vehicle 
changes lane is smaller than that occurring in the absence of 
the chance. 

11. An apparatus as recited in claim 3, further comprising 
erroneous correspondence determining means for, regarding 
the object Which is determined by the correspondence deter 
mining means to correspond to the vehicle Width-Wise 
direction position, determining Whether or not an object on 
the opposite road side is erroneously determined to corre 
spond to the vehicle Width-Wise direction position While 
considering conditions of a curvature of a road Which occur 
during a predetermined time interval past, and for, When it 
is determined that an object on the opposite road side is 
erroneously determined to correspond to the vehicle Width 
Wise direction position, correcting the determination and 
neWly determining that the object does not correspond to the 
vehicle Width-Wise direction position and causing the object 
to be unused by the road edge recogniZing means. 

12. An apparatus as recited in claim 11, Wherein the 
erroneous correspondence determining means comprises 
means for calculating a circle Whose tangent vector is equal 
to a relative speed vector of the effective stationary object, 
and Whose center is on a vehicle Width-Wise direction, 
means for setting a radius of the circle as a curvature radius 
of a road, and means for, in cases Where an absolute value 
of a difference betWeen a vehicle Width-Wise direction 
position of the determination object Which is predicted from 
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a curvature radius available in a predetermined time interval 
past and the vehicle Width-Wise direction position memo 
riZed by the position calculating and memoriZing means 
Which corresponds to the opposite road side is smaller than 
a predetermined value, determining that the correspondence 
is erroneous. 

13. An apparatus as recited in claim 12, Wherein the 
erroneous correspondence determining means comprises 
means for, in cases Where a stationary object on the opposite 
road side is not detected so that the vehicle Width-Wise 
direction position for the erroneous corresponding determi 
nation is unavailable, calculating a virtual vehicle Width 
Wise direction position corresponding to the opposite road 
side on the basis of a road Width and the vehicle Width-Wise 
direction position of the stationary object being the deter 
mination object, and using the virtual vehicle Width-Wise 
direction position in the erroneous correspondence determi 
nation. 

14. Arecording medium storing a program for controlling 
a computer operating as the recogniZing means in the 
apparatus of claim 3. 

15. An apparatus for a vehicle, comprising: 
?rst means for periodically detecting stationary objects in 

an area extending ahead of the vehicle; 
second means for calculating positions of the stationary 

objects detected by the ?rst means relative to the 
vehicle; 

third means for calculating speeds of the stationary 
objects detected by the ?rst means relative to the 
vehicle; 

fourth means for, from the positions calculated by the 
second means and the speeds calculated by the third 
means, predicting positions on a transverse axis With 
respect to the vehicle through Which the stationary 
objects detected by the ?rst means Will pass as vieWed 
from the vehicle; 

?fth means for selecting positions from among the posi 
tions predicted by the fourth means; 

sixth means for calculating an average position among the 
positions selected by the ?fth means; 

seventh means for selecting at least one stationary object 
from among the stationary objects detected by the ?rst 
means; and 

eighth means for recogniZing a line connecting the aver 
age position calculated by the sixth means and the 
position of the stationary object selected by the seventh 
means as a road edge. 

* * * * * 


